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SIR: 

I, Marshall A. Hayward, Ph.D., hereby make the following declaration: 

1. I am the same Marshall A, Hayward, PhD, who previously prepared a 37 CFR 
§1,132 Declaration for the above- identified application, executed on 15 December 
2003, and filed on 16 December 2003. 

2. Under my direction, a human bioavailability and bioequi valence clinical trial was 
conducted to show the bioequivalence between EX101, a highly buffered 
effervescent formulation containing 70 mg of alendronate (ALN), and commercial 
70 mg Fosamax tablets from Merck & Co. The results of that study are presented 
in Table 3 below. 
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3. Furthermore, in order to show that highly buffered effervescent formulations 
improve the absorption characteristics and dosing consistency of ALN compared 
to conventional effervescent formulations, such as those taught in Katdare (U.S. 
5,853,759; "Katdare"), I have analyzed data published in a study conducted by 
Merck & Co. and submitted to the FDA as part of a New Drug Application 
(NDA). The results of that Merck NBA study are available to fee public in 
redacted form under the Freedom of Information Act, a copy of which is attached 
to this Declaration. Pertinent data from it are presented in Table 2 below. 

4. Thus, four dosage forms are involved - (1) EX 1 01 (70 mg ALN), (2) the Merck 
effervescent formulation, which in my opinion is representative of Katdare (SO 
mg ALN) because the buffering levels are similar to the examples in Katdare 
(confirmed to me by confidential communications with Merck & Co.), and (3) 
Fosamax tablets (70 mg and 10 mg, respectively) corresponding in dosages to the 
effervescent formulations in each test. In the actual studies, the two effervescent 
forms were compared only to their corresponding tablet form, not to each other. 
Also, the Merck ALN absorption study was conducted over a period of 36 hours 
while the EX 1.01 absorption was conducted over 48 hours. These differences do 
not affect my concl usions. 

5. In both the Merck effervescent study and our own EX1Q1 study, alendronate 
concentration was measured in urine rather than blood, because there is no valid 
blood assay for ALN. Thus, the pharmacokinetic parameters described below 
refer to ALN measured in urine collected over various time periods. 

6. As reported in Table 2, the EX101 (70 mg alendronate) study establishes its 
bioequivaience with Fosamax tablets on a potency corrected basis. For instance, 
the mean (average) time to maximal drag absorption (Tmax) is statistically the 
same for EX10! as for Fosamax tablets. Also, the mean (average) concentration 
maximum (Cmax.) is statistically the same for EX101 as for Fosamax tablets. 

7. It is desirable for a dosing form to be as consistent and predictable as possible. 
The data show that EX.101 is a superior formulation to Fosamax tablets because 
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the tablets have a more extreme of range of absorption (lower minimal absorption 
and higher maximal absorption), and most importantly, because alendronate 
absorption from Fosamax tablets shows a significantly higher coefficient of 
variation (CV) with respect to the mean absorption level. In other words, drug 
absorption from the EXIOi formulation shows lower variability than the 
corresponding tablet. 

8. In the Merck effervescent study (1 0 mg alendronate), the buffering capacity of the 
formulation was far lower than in EX10L While the CV of the Merck 
effervescent was also improved ova- its corresponding tablet, the CV of the 
Merck effervescent formulation was significantly higher than that of EX10I . 

9. The results tor CV are brought together in Table 1 . Merck reports a least squares 
meati and standard deviation per their ANOVA; it is therefore appropriate to use 
our geometric mean and coefficient of variation. The Merck CV is calculated 
from data on page 12 of the NDA (Treatment E) as follows: SD/LS 21.3/25.9 = 
82 %. The Merck study was reported m ug, not ng. I have put everything in terms 
of ng in the tables below. 



i 0. Table 1 : Coefficients of variation (CV) of EX101 vs. Merck's Effervescent form 



Parameter 


EX101 


Merck 
Effervescent 
10 mg tablet 
reference 


Comment 










Mean Alendronate Absorption 
Coefficient of variation (CV)% 


57% 


82% 


EX101 shows 
significantly less 
variation then Merck's 
effervescent form 











31. This comparison in Table 1 shows that the highly buffered EXIOI provides a 
much improved coefficient of variation compared to the Merck effervescent, i.e.. 
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57% vs 82%. The coefficient of variation is a measure of variability, hence our 
formulation demonstrates significantly less variability. 



12. Table 2: Merck 10 mg effervescent form vs. Fosamax 10 mg fable? 



Parameter 


Merck 10 mg 
Merck 
effervescent 
form 


Fosamax 
lOmg 
tablet 
reference 


Comment 


















Alendrona ) n, ng, as 
Least Squares Mean +/- SD* } 
Merck study 


25.900+/- 
21,300 


26.100+/- 
36,500 




ficient of variation, % 
(least squares mean) 


82% 


140% 


See page 12 of Merck NDA 
(Treatment E) SD/LS = 
21.3/25 9 «b2%) 










SD, sta d > n of die 
mean 









13. Table 3: Alendronate absorption from EX101 vs. Fosamax tablets. 



Parameter 


EX! 01 


Fosamax j Comment 
Tablets 










Bioequi valence Point 
Estimate 


89.18% 


(100%) 


Potency adjusted EX 101 
absorption point estimate 
expressed as a % of Fosamax 
tablets. Dosage forms are 
noequivalent. 


Bi eq s li n> e, 90 , 
confidence interval Lower 
Limit 


82.72% 




EX1 01 expressed as a % of 
Fosamax. Meets criteria for 
bioeqiiivalance; dosage forms 
are bioequivalent. 


Bi oequi valence, 90% 
confidence interval Upper 
Limit 


96.14% 




EX101 ex ■ i % of 
Fosamax. Meets criteria for 
bioeqiiivalance; Dosage forms 
are bioequivalent. 
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f I < ( a Cma> 
SD (ng/mi) 


65,569 +/- 
34,934 


78,155+/- 
55,649 


No statistic' ' "f nee Mea^ 
criteria forbn»- ju \ tla ice; | 
Dosage forms are j 
bioequivalent. j 


Elimination mean Tmax. ■'-■/- 
SD (hours) 


1.46 4-/- 
0,67 


1.28+/- 
0.55 


No statistical difference. Meets j 
criteria for bioequivalance; i 
Dosage forms are 
bioeqmvalent j 










Mean Absorption fng) 


206J 56 


"2551817" 




(Coefficient of \ ariation 
least squares mean) 


57.0% 


69.0% 

_____ 


Higher variability for Fosamax | 
tablets than EX 1*0 1 _ 


Upper Absorption Maximum 

LisaL - - 


731,508 


Much bight for Fosamax arid 
furth ;i from the m< an \ 
Much low or lor Fosamax and j 
further from the mean 


Lower absorption Minimum 


68,597 


31,895 








Alendronate absorption, ng, 
asGcoim tri Mean, EX101 


181,956 


213,659 





1 4. I declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true, and 
further that these statements were made with the knowledge that willful false statements 
and the like so made are punishable by fine or imprisonment, or both under Section 1 001 
of Title IS of the United States Code, and that such willful false statements may 
jeopardize the validity of the application or any patent issuing thereon. 
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Marshall A. Hayward, Ph.D. 
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1 Executive Summary 

The sponsor is marketing the 70 mg alendronate oral tablet (FOSAMAX*) for once weekly 
administration to treat osteoporosis in postmenopausal women and to increase bone mass in men with 
osteoporosis. The sponsor submitted NDA 21-575 on November 1 5, 2002 to seek approval for the 70 
mg alendronate/75 mL oral solution for once weekly administration to claim the same indications as 
me 70 mg alendronate oral tablet. The oral solution will serve as an alternative to patients who have 
difficulty swallowing tablets or prefer solution. The sponsor did not conduct any clinical efficacy and 
safety study for NDA 21-575. However, the sponsor conducted 4 clinical pharmacology studies. 
Briefly, Studies; 

* PI 10 and PI 63 are pilot relative bioavailability studies of oral solutions to marketed tablets 

* P 1 77 is a pivotal bioequivalence study for the 70 mg/75 mL solution to the 70 mg tablet 

» P204 is a rising, single dose study to investigate the tolerability and dose linearity of oral solution 
doses between 70 mg/75 mL and 375 rag/100 mL 

Studies PI 10 and P163 were not thoroughly reviewed since they were pilot studies to guide the 
development of an alendronate solution formulation and to determine the intrasubject variability for 
Study P177*s sample size- calculation, respectively. 

Per Study PI 77, the geometric mean ratio for the 36-hour cumulative alendronate urinary excretion of 
the 70 mg solution to the 70 mg tablet was 0.99 and the 90% C! was (0.90 - 1.10) as well as the 95% 
Ci was (0.88 - 1.12). Based on these observations, the 70 mg alendronate/75 mL oral solution is 
equally bioavailable to the 70 mg alendronate oral tablet. However, bioequivalence could not be 
adequately assessed because the urine sampling intervals were not short enough (0 - 8, 8 ~ 24, and 24 - 
36 h postdose) to determine the maximum alendronate excretion rate. The tested solution formulation 
in Study PI 77 was identical to the to-be-marketed solution formulation. The tested tablet formulation 
in Study P177 was identical to the marketed tablet formulation. 



f 



J 



Per Study P204, dose linearity does not exist between 70 mg/75 mL and 375 mg/100 mL solution 
based or the 36-hour cumulative alendronate urinary excretion. However, dose linearity appears to 
exist between 140 mg/75 rat and 375 mg/100 mL solution based on the 36-hour cumulative 
alendronate urinary excretion. 

1.1. Recommendations 

The Office of Clinical Pharmacology and Biopharrnaceutics/Division of Pharmaceutical Evaluation 11 
(OCPB/DPEH) reviewed the Human Pharmacokinetics and Bioavailability section for NDA 21-575 
and finds it acceptable. However, the sponsor should receive the following comment: 

* Ute sponsor should change this statement to "FOSAMAX 70 mg oral *- -. solution and 

FOSAMAX 70 mg tablet are equally bioavailable," from ' v ' ' ■ ' ' 

„„ , in the CLINICAL 

VHARMACOLOGY/Absorption section of the proposed labeling. Bioequivalertce could not be 
adequately assessed because the urine sampling intervals were not short enough to determine 
the maximum alendronate excretion rate, 



S.W. Johnny Lau, R .Ph., Ph.D. 
OCPB/DPEH 



Aft Optional Intra-Division Clinical Pharmacology and Biophannaceutics Briefing for NDA 21-575 
was conducted on August 25, 2003; participants included H. Malinowski, A. Selen, S-M. Huang, T. 
Kehoe, E. Cohnaa, C. Sahaj walla, S. Haidar, H. Ahn, and J. Lau. 



FT signed by Hae- Young Ahn, PkD., Team Leader _ 
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3 Summary of Clinical Pharmacology and Biepaarmaceutics Findings 
The sponsor developed the 70 mg alendronate/75 mL oral solution to treat osteoporosis in 
postmenopausal women and to increase bone mass in men with osteoporosis. The sponsor did not 
conduct any safety and efficacy study for the 70 mg alendronate/75 mL oral solution but conducted a 
pivotal bioequivalence study (PI 77) between the 70 mg alendronate oral solution and the 70 mg 
alendronate oral tablet. The sponsor is marketing the 70 mg alendronate tablet, which has the 
indications being sought for the 70 mg alendronate oral solution. 

Synopses for 2 pilot bioavailability studies (PtlO and P163) are in Attachment L 

Study P177 was a 3-way crossover, fasted, single-dose bioequivalence study between 35 mg/75 mL 
oral solution, 7©mg/75inL oral solution, and 70 mg oral tablet. A washout of at least 12 days existed 
between doses. Sequential urine samples were collected for 36 hours postdose to determine excreted 
alendronate. The clinically-tested oral solution formulation was identical to the to-be-marketed oral 
solution formulation. The clinically-tested oral tablet formulation was identical to the marketed oral 
tablet formulation. Based on the geometric mean ratio for the 36-hour cumulative alendronate urinary 
excretion of the 70 mg solution to the 70 mg tablet was 0.99 and the 90% CI was (0.90 - 1.10) as well 
as the 95% CI was (0.88 - 1.12), the 70 mg alendronate/75 mL oral solution is equally bioavailable to 
the 70 mg alendronate oral tablet, However, the maximum alendronate urinary excretion rate could 
not be adequately estimated because of the long urine collection intervals. Based on the geometric 
mean ratio for the 36-hour cumulative alendronate urinary excretion of the 35 mg solution to the 70 mg 
tablet was 0.84 and the 90% CI was (0.76 - 0.93) as well as the 95% Cl was (0.74 - 0.95), the 35 mg 
alendronate/75 mL oral solution is not equally bioavailable to the 70 mg alendronate oral tablet. 

Study P204 was conducted to examine the single dose tolerability and dose linearity from 70 to 375 
mg alendronate oral solutions. Cumulative alendronate urinary excretion 36 hours postdose was 
determined upon administration at each of the 4 doses: 70 mg/75 mL, 1 40 mg/75 mL, 280 mg/75 mL s 
and 375 mg/100 mL. Dose linearity does not exist between 70 mg and 375 mg alendronate doses. 
However, dose linearity appears to exist between 140 and 375 mg alendronate doses. 
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4 Question-Based Review 
4.1 General Attributes 

What is the formulation of the to-be-marketed 76 rag alendronate oral 
AtendtoBafe Sodium Oral rr~~~". ^tatto, MwfoeiComp^itt^ 



AtmdrottBte Sadiwm* 
(as tmhydmw fiveackt equivalent) 
Sodium Citrate tKJsydrate 
Citric Acid Anhydrous 
Sodium 8«tyt{»»«be« 5 * 
Sodium Propylparaben** 
Saccharin Sodnsn 
ArtifiefcJ Raspberry Flavor 
Pwiged Water 



tagfa>t* 



USP/Pfa. Eur. 
USfVPh. Eur. 



NfVPh. Ew. 
USfVPh. Eur. 



0.07500 
0.2250 



4.2 Genera! Clinical Pharmacology 

Alendronate clinical pharmacology information is available in: 

• FOSAMAX® product labeling 

• A.G, Porras et at Phaonacokinetics of alendronate. Clin Pharmacokinet 36:3 1 5-28 (1 999). 

» J.H. Lin. Bisphosphonates: a review of their pharmacokinetic properties. Bone 1 8:75-85 (1 996). 

4.3 Bioanalytical 

Is the bioanalytical method for alendronate properly validated ? 

Briefly, the alendronate bioanalytical method used in pivotal bioequivalence (BE) study (PI 77) for 
human urine samples ■ 



Validation for the alendronate bioanalytical method in human uone samples ibr Study PI 77 follows: 

Alendronate 

Method ' ■ " " ' *" 

Lower Limit of Quantitation, ng/mL 1 

Recovery, % unavailable 

Linearity, ng/mL * -" - ■ 

Accuracy 

intraday '" ' J 

interday «■ ■«■■«»»«■ m 

Precision, % CV 

intraday - " 

interday u ' umm 



s 



The alendronate bsoanalytical method used in the dose linearity study (P204) for human urine samples 
«g . 



Method " ' ■' ■»■ f " ' ■ ■ " ' ■> i 

Lower Limit of Quantitation, ng/mL 

Recovery, % m unavailabl e 

Lmearify, ng/mL -7— 
Accuracy 

intraday — « — 

interday •—■ — ' 

Precision, % CV 

interday -■■ ■ ■ 

It was concluded that the bioanalytical methods were adequately validated. 

4.4 Genera! Biopharraaceutics 

1. Does difference exist between the to-be-marketed formulation and the tested formulation in 
the pivotal BE study? 

Per NDA 2I-575/N-000-BB on July 18, 2003, the sponsor stated that the 70 mg alendronate oral 
solution tested in Study PI 77 was identical to the to-be-marketed 70 mg alendronate oral solution. 
Moreover, the 70 mg alendronate tablet formulation used in Study PI 77 (pivotal) was identical to the 
marketed 70 mg alendronate oral tablet formulation. 

2. Is assessment of BE via cumulative alendronate urinary excretion data valid? 

Per the Code of Federal Regulations 320.24 (b)(2), the urinary excretion of alendronate data is an 
acceptable alternative to assess BE since alendronate is not metabolized but renally eliminated. 

3. Did the sponsor adequately assess the alendronate BE between the oral solution and oral 
tablet? 

Study P177 is an open-label, randomized, 3-period, fasted, single-dose, crossover study to evaluate the 
alendronate BE between oral solutions and oral tablet in 108 healthy adult subjects (see details on 
study design, synopsis, and data analysis in Attachment 2). Briefly, 35 mg alendronate/75 mL solution 
versus 70 mg alendronate tablet and 70 mg alendronate/75 mL solution versus 70 mg alendronate 
tablet were assessed for BE. Each subject directly drank the oral solutions from the dosing bottles 
followed with 60 mL of tap water from a separate cup, whereas each subject received the oral tablet 
with 250 mL of tap water. A washout of at least 12 days separated the doses. Study PI 77 was the 
pivotal BE study . 

The sample size of 108 subjects was estimated prior to the start of the study, based upon an observed 
within-subject standard deviation (SD) for total urinary excretion of 0.50 (on the natural log ug scale). 





Alendronate 



( 



6 



The 0.5 value was chosen. because the observed within-subject SD for total urinary excretion was 0.45 
(log ng) for pilot study (PI 63) comparing the 35 and 70 rng alendronate oral solution to the 70 mg 
alendronate tablet. 



Through the sponsor's SAS transport files submitted on inly 18, 2003 (N000BZ), this reviewer 
calculated the geometric mean ratio (GMR) and 90% CI for the 70 mg solution versus 70 mg tablet and 
the 35 mg solution versus 70 mg tablet. 



70 mg alendronate 


GMR 


90% CI 


solution vs. tablet 


0.9945 


0.8987 


- 1.100 


(mg) alendronate 


GMR 


90? 




(35) solution vs. (70) tablet 


0.8378 


0.7563 - 


-0.9282 



Based on these observations, the 70 mg alendronate/75 mL oral solution is equally bioavailable to the 
70 mg alendronate oral tablet and the 35 mg alendronate/75 mL oral solution is not equally 
bioavailable to the 70 mg alendronate oral tablet. 

An in-house search of ANDA submissions of alendronate sodium tablets indicated that generic firms '• 
had included both the 36-hour cumulative alendronate urinary excretion and maximum alendronate 
urinary excretion rate to assess bioequivalence between the 70 mg alendronate generic tablet and 
innovator tablet. The urine samples were collected predose, 0 - 0.5, 0.5 - 1, 1 -2, 2-3, 3-4,4- 6, 6 - 
8, 8 -12, 12 - 24, 24 - 36 h for measurement of excreted alendronate. Both rate and extent of 
alendronate urinary excretion have been used for determination of bioequivalence. An AB rating is 
granted to a generic drug product, if ft is bioequivalent and pharmaceutically equivalent to the 
reference listed drug. 

For Study PI 77, the sponsor collected predose, 0 - 8, 8 - 24, and 24 - 36 h urine samples to 
measure excreted alendronate. Assessment of maximum alendronate urinary excretion rate would not 
be reliable due to the long urine collection intervals. During the Optional Inter-Division Clinical 
Pharmacology Briefing for NDA 21 -575, the participants would rather consider Study PI 77 as a 
bioavailability study and state that the 70 mg solution and 70 mg tablet are equally bioavailable based 
on the 36-hour cumulative alendronate urinary excretion. If demonstration of bioequivalence is the 
goal of a study, the sponsor should be advised to collect urine samples with intervals that are as short 
as possible to assess the maximum alendronate excretion rate in addition to the 36-hour cumulative 
alendronate excretion. However, the briefing participants raised the following concerns for fee 
accuracy of estimating the maximum alendronate urinary excretion rate if the urinary collections were 
too frequent (e.g., half-an-hour interval) for initial few hours after dosing: 

♦ the impracticality of voiding for urine collection 

* the need to deliberately hydrate subjects and induce urination 

• bioanalytical assay sensitivity to measure alendronate, especially for early samples 

4. Did the sponsor adequately address dose linearity of oral solution from doses 70 mg/75 mL to 
375 mg/lM mL? 

Adequate. Per Dr. Michael J. Fossler's clinical pharmacology and biopharmaceutics review on June 
30, 1995, the sponsor conducted a study (Protocol 17) in 15 postmenopausal women who received 5. 
10, 40, or 80 mg alendronate tablets {see Attachment 3). The percent of alendronate dose excreted in 
urine over 36 hours postdose was similar at all doses, which indicated linear excretion from 5-80 mg. 
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The sponsor intends to market the 70 mg/75 ml oral solution. However, the sponsor conducted Study 

204 to assess dose linearity and tolerability beyond 70 mg/75 mL .—♦ .,..», ' " MMnm " 

— « mmmmmmm Study P204 was a 5~period, partially-blinded, placebo-controlled, 

single-rismg-dose study in 25 healthy adults subjects (see synopsis in Attachment 4). Subjects 
received alendronate oral solution in 4 periods, at doses of 70 rag/75 mL, 1 40 mg/75 mL, 280 mg/75 
mL, and 375 mg/100 mL in a rising-dose format and placebo in I period randomly interspersed in the 
treatment sequence following an overnight fast. Urine samples were collected over 36 hours postdose 
for alendronate determination. 

Total Urinary Excretion of Alendronate* tygi <Ker Hours fyttotting Admii»iMra««n 

of Ear h of 4 Sintfte Qrsi Doses of Afcwfronaic Oral , *• -Saittttoi* {Prcaoi'&i 204) 

<N»25i 





LSMcan 


W»CfforLS^«i 


LS Mean 
S>osc Aitjus)e<i 


W„ClfwtSM«w 
Dose .Wjci'itfjd 
tu 70 imp 


mi, 


278.5 

2202.0 
2527.4 


iTjt:,.j- urn.?} 

1 1«*>3,1 -2«U.7> 
<2B*I -2TO6.2) 


27S.5 
47I.J* 


(255.7*32*.!) 
(3*1.6. 546.?} 
<4<.S.<* -650.4} 
557.4) 


CI * C-onMraK ottered. 



Total urinary excretion from 140 to 375 mg of alendronate oral solution indicates that urinary 
excretion exceeds dose-linearity between 70 and 140 mg and appears to increase dose-linearly between 
140 and 375 mg. This is reflected in the differences in the LS mean total urinary excretion of 
alendronate, dose adjusted to 70 mg, at 70 mg versus the 140 to 375 mg doses in the table above. 
However, the total urinary excretion of alendronate following administration of the 70 mg/75 mL dose 
of the oral solution was generally similar to that seen in the previous studies of the 70 ml., oral 
solution, as indicated in the table below. 

Total Urinary Excretion of Alendronate (ug) Over 36 Hours 
Following Administration of a Single 70 mg/75 mL Dose of 
Alendronate Oral - — Solution Across Protocols 



Protocol 


N ? 


LS Mean Total Urinary 
Excretion |Ug) 


163 


12 


288.4 


177 


108 


293.6 


204 


25 


278.5 


N » Number of subjects included in ttw analysis. 
LS = Least s* -• s 



5 Labeling Comments 

The sponsor should change this statement to TOSAMAX 70 mg oral buffered solution and 

FOSAMAX 70 mg tablet are equa lly bioavailable." from " 1 1 1 ' " """ ""■ 

> ' 1 1,11, 1 _ ""' "" in the CLINICAL PHARMACOLOGY/^ bsorption 

section of the proposed labeling. See Attachment 5 for the complete proposed labeling. 



Attachment 1 



MK-021? 

Alendronate Sodium, Oral 
'Solution 



PROTOCOL TITLE/NO.; An Open-Label Randomized Period. Ci v*t Stud in 
Healthy Subjects to Determine the Bioavailability of Alterative Alendronate Oral 
Fomstlattoos Relative to the Marketed Tablet 

iNVF.STiCATOWSVSTODY CKNTERfSrt-. . , » n^ , mw * mmmi 



CLINICAL PHASE: 



DURATION OF TREATMENT: Five singe doses o f alendr onate: a 10-mg marketed tablet, a 10-mg 
alendronate station containing citrate buffer with i 10-mg alendronate solution Plaining 
citrate txsffer with censbaarton sweetener, a ltMng alendronate solution coniaintag *<i^Sj«ffer -with 
cornbtnittion sweetener, «rttl 10-mg aiendronate solution consisting or the cornoonenfs of lire 
effervescent tablet fermntaian given as a solation (alendronate in citrate acid with " w u . Mgjm* 
' , <*"&H& A wastavtimervalofapproxirrate^ The duration of the study 
was approximately 8 weeks. 

OBJECITVEfS): (i) Estimation of toe relative bioavailability of alendronate based on total urinary 
excretion from a lf>mfc dose of alendronate, administered as each of 4 solutions, relative to the 10*mg 
marketed tablet. (2) Estbnaikm of the within-subject vamWUty measurements for total urinary 
excretion of alendronate whew given as a solution versus a tablet. (3) Investigation of safety ami 

tcritora^M^ admiriistered as each of four solutions. m 



STUOY DESIGN: TMa was an open-label, rawtow&ed, single-dose, balanced, 5-period, crossover study 
in 20 healthy adult subjects. Subjects received 5 single doses of a tendronare »fie 1 0-mg marketed tablet 

and each of four f 0~mg oral solutions. The components of Si>e oral — , solution tii Treatments B. 

C, and D was reconstituted using sterile water and mixed to matce a concentrated solution. Fifteen 
milliliters of the concentration was diluted to 75 mL using sterile water and administered to (lie subject, 
For Treatment E oral solution, the components of the effervescent tablet formulation was reconstituted 

using sterile water and mixed to a tmal volume of i 35 mi a;xl administered to th e subject, 

SUBJTECr ACCOUNTING: 
ENTERED: Total 21 

Male (age range) l(HI8to41) 

Female (age range) 1 5 09 to 78) 

COMPLETED: 19 
DISCONTINUED.' Total 2 

Cluneal adverse experience 0 

Latoralory adverse experience 0 

Treatment failure 0 
Other 2 (protocol deviation, withdrew consent) 
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DOSAGE/FORM U LAT! ON NOS.t Dosage and formula! ion numbers for Treatments A ibraush £ are as 
follows: 

Dosage; Fornxilatwn Numbers---- Treatments A Through £ 



Drug 




Formulation No. 


Dosage Form 


Dose A>hnirower«d 
follow tug R esonstif 11? (t-i! 
*r«i Dilaiiw* 


Trattnwnt A 


Alendronate Sodium 


— ! O217OCTO2SF002 


Marketed Tablet | 



<5217 0POOO!BQOl 

0217OKXKS2B00I 
0217 OH.W3 BOOt 
t 02POPO0<MBtKH 



P»w<Jer 

Powder 
Powder 



MK-G2 1 7 Mono Sodium 
Trihydrate j 

5wijuraSBG<£uiriii* 
Sodium Citrate. Dibydrstte j 
Citric Ac id. Anh ydrous j 



t«l7OPO0OfB«>l 

O217OPC*O7B0Oi 
02J7OKX»3B00t 
02i?QPOW4B00i 



Powder 

Powder 
Powder 



Treatment O* 



'.Ik 21? M •>< i 



O217 0POOO58OO1 
02t7OPCW)6B(K)t 



Citric Atid Anhydrous j 
For Treatfneon B. C, »ad 



02J7ES : TOOSr'«51 
O217EFTCt03FO0J 
02i7EFf(KMF0OS 
0217 EFTOttfFGOJ 
8217 EFTD06FOO1 
02 i? EFTOOiFOBt 



Granules 

Powder 
powder 



sod stilistioi*. 
} Equivalent to 10 1 



x »pproxwiote as. expected loss (minimal) likely «cwk4 during 



final doom* soIubob of 75 rat. 
fittai dosing solution of7Smt- 



/bicb contained |0 mg of alendronate free sad following re 
i trihyrfrate is approxtaBteJy «j»iv»l«nl to H 



|tyn;tajcntio 10 mg 



tree acid '^^'"^ dosmfi 



solutions! D5mt. 



JOlAGNOSiS/iNCLUSlON CRITERIA: Twenty male or nonpregnant female subjects, w 1* » 85 
(toilets) and 36 to 85 (feroa&s), including at least 10 of each gender. The subjects were judged to be 
generally healthy based on medical Ms^or>', physical e.xam i^ safety stedies. 
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MK.-0217 

Alendronate Sod»w» -3- 
Osloopofosis 

EVALUATION CRITEMA; Urme tor lelwrmna^^ excretion oi alendronafc *as 

collected at -2 to 0 hows predose and 0 to 8, 8 to 24, and 24 to 36 hours postdose in each treatment 
period. Relative bioavailability was determined, using total urinary excretion, by the between-trestttjent 
comparisons for each of the 3 alternative 10-mg solution formulations and the alendronate effervescent 
tablet components in solution, versus the 10-mg marketed tablet. There were ninety percent confidence 
intervals (Cl> calculated for the total urinary excretion geometric mean ratio (OMR) (10-mg alternative 
solution formulation/ 10-mg marketed tablet). 

Safety and tolerabitity were assessed by vital signs, physical examination, eteetmcardiogiarn, laboratory 
safety tests, and adve rse ex perience monitoring fhrewghout the study. i 

STATISTICAL PLANNING AND ANALYSIS: TheltitaV "urinary" excretion of alendronate over 
36 hours, following administration of each of the alternative 10-mg solution formulations and 10-mg 
marketed tablet, was analyzed using an analysis-* f-varis nee model (ANOVA) appropriate for a 
5-period, crossover design. Toe ANOVA model contained the factors: gender, subject within gender, 
period, and treatment. A teg transformation was applied to the total urinary excretion data. The relative 
oral bioavailability using total urinary excretion of alendronate over 36 hours postdose was tietemtined 
by constructing a 90% Ci on the least-squares (LS) OMR between each of the alternative 10-mg 
fcrraalations and the 10-mg marketed tablet The 90% CIs were calculated using the Dunnett critical 
values. If the upper limit of the two-sided 90% C! for toe GMR was <O70 for any of the 10-mg 
alendronate solution formulations relative to the 10-mg alendronate marketed tablet, then if would be 
concluded that the absorption of alendronate, based on toe total urinary excretion over 36 hours 
postdose, decreased by at feast 30% for that solution to; mixtion 

RESULTS! 

PHARMACOKINETICS; Tfte following table present:; the summary statistics lor the lota! urinary 
excretion of alendronate over 36 hoars following administration of each of the alternative 10-mg 
solution formulations and the 10-mg marketed tablet. 



Alendronate Formulation 


Least-Squares (LS) Mean 


Between- 
Subject SD ; 


OMR* 


90% Cf 
of OMR 


Posterior 
Probability' 


Treatment A 

{marketed tablet) 


26.1(22.5.30.1) 


36.5 








Solutions 


Treatment 8 


12.9(11.1, 


14.9) 


18.1 


0.49 


10.38, 0,65) 


<0.001 


(citrate buffer and 














Treatment C 


26.6(23.0, 


30?) 


16.9 


1.02 


(0.78, 1.34} 




(citrate buffer and 














combination sweetener 1 ) 
















13.3 (11 ,S, 


15.4) 


I5.S 


0.SI 


(0.39, 0.67) 


0.001 


« — nuffer and 














combination sweetener 1 } 














Treatment E 


25.9(22.4, 


30.0) 


2 1.3 


0.9'? 


(0.76, 1.31) 


0,91! 


(components of 














effervescent tablet > 














* Confidence interval (using the Duiwett corrected critical value). 

1 SD - Standard deviation fback-Uansformed from the natural log scale), 

* Geometric Mean Ratio « LS mean of alternative formutation/LS mean of marketed tablet. 
R Probability that the true OMR is within the bmequivatencc bounds of 0Mi and 1.25) 

1 Combination sweetener contained saccharin 
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The between subject standard deviations (or Treatments A (marketed tablet). B (alendronate in citrate 
buffer with -f-* C (alendronate in citrate buffer with combination sweetener). D {atencfrwtMte in 
■ suffer wim combination sweetener), and £ {effervescent tablet components in solution) were 
36.5, 18.1, 16.9, 15.8, and 21.3 fig- respectively. The between-subject standard deviation {its 
arrresnomfimi 95% CI) in lofc scale for Treatments A {marketed tablets, B (alendronate in citrate 
-~ -"""with C (alendronate in citrate buffer with combination sweetener). D (alendronate in 

'""""•"^buffer with combination sweetener), and E {effervescent tablet components it) solution) were 
0.82 (0.65, 1.14), 0.82 {0.65, 1.14). 0.51 (0.40, 071 ), 0.76 {0.60, I 05;, and (1.61 (0.4S, 0.85) In Ufc 
respectively. Overall, the within-subject variability (root mean square error, RMSE) ami its 90% CI 
was 0.38(0.33, 044) In Jig. 

The LS mean values for total urinary excretion of alendronate were similar following admin etratioa 
of 10-mg alendronate given as Treatments A (marketed tablet). C {alendronate in citrate buffer with 
combination sweetener), and E (effervescent tablet). Treatments B (alendronate in eittale buffer witft 
' — * and D (alendronate in - —^O utfer-wilh combination sweetener) exhibited relatively lower 
alendronate LS mean Values for total urinary excretion. 

The point estimates of the LS OMR of both Treatments 8 and D with respect to the marketed tablet 
were lower than 0.70. Examination of the 90% CI revealed thai for Treatments B and D, the upper 
limit of the 90*4 CI for the G.MR with respect to the marketed tablet was lower than tlie predefined 
limit (<0.70). Therefore, the absorption of alendronate, based on total urinary excretion of 
alendronate over 36 bouts posfdose, decreased by at least 30% for Treatments B (alendronate in 
citrate buffer with *• — . and D (alendronate in ""•buffer with combination sweetener) relative 
to ti» l&Vmg alesnrao irate marketed tablet. 

The posterior probabilities that: the true OMR is within bioerjuivaleoce bounds of (0.S0, 1.25) lor 
OMRs of Treatments B, C. D, and E with respect to the marketed tablet were <0.0QI, 0.W, 0,001, 
and IL91 1 , respectively. 

SAFETY; All ?..{ study parfacipartts were included in the safety analysis. Eleven subjects reported a total 
of 24 clinical adverse experiences, 5 of which (all occurring in 1 subject) were considered serious. 
The most common adverse experience was headache (10 episodes reported by 6 subjects). Fifteen of 
24 clinical adverse experience* were rnikl and 21 were judged to be probably not or definitely not 
drug related. Three of the 24 clinical adverse experiences were considered possibly drug related by 
the Investigator. One subject (AN 019) had nausea and vomiting of moderate intensity and another 

subject {A M 009) had a heada ch e of mild intensity. 

The 5 serious clinical adverse experiences were atrial fibrillation, su|*ave utricular tachycardia, lung 
mass, congestive heart firilure, and bibasilar pleural effissions. All were judged to be consistent with 
worsening of a preexisting condition and of severe intensity. The subject had a history of bilateral 
pleural effusions, lung mass, atelectasis, and congestive heart failure, diagnosed approximately 
3 months prior to study start but not known to foe investigator prior to the serious clinical adverse 
experiences. The subject had received 3 single doses of alendronate (Treatments A, E, and B), each 
separated by at least 7 days. The subject had been discharged from the clinic following the third dose 
and presented to the emergency department complaining of shortness of breaUu palpitations, 
weakness, and diaphoresis. The most recent dose of alendronate was administered one day prior to 
these symptoms. The subject was subsequently hospitalized for 5 days, during which his symptoms 
were brought under control and numerous diagnostic tests were performed. These tests indicated that 
the lung mass was not malignant, and that the causes of foe subject's presenting symptoms were 
consistent with the diagnoses listed above. Following discharge, the subject continued k the study, 
receiving the final 2 single doses of alendronate. Tlie investigator rated these serious adverse 
experteiyes.gsdeQniteiy not drug related. 
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There were 3 laboratory adverse experiences in 2 subjects, which consisted of increased leukocytes m 
I subject and 2 episodes of increased urinary leukocytes in another subject. These ware judged to be 
probably rwt md definitely not drug related, respectively. There were no serious laboratory adverse 

exjxriences. 

C )NO ! SIGNS jv,, s , bit te in both Ti t C (10 1 

alendronate solution with citrate buffet* and combination sweetener) and Treamjent E (comprised of 
componerBS of isn effervescent tablet) are generally similar to that of the iO-tag mariteted tablet, and 

- "'i ■„ n ■■ ■ ■■ " ' « - (2) The relative bioavailabilities of alendronate 

in the J0-mg alternative solution formulations, consisting either of citrate buffer and 
(Treatment B> or r- buffer and combination sweetener (Treatment D>, arc signiflcattily less than 

that of the 10-mg marketed tablet, and 1 •"" ■ * »» (3) Alendronate, 

administered an single doses of tO-mg of each of the 4 aiiernatiye solutions, w generally well tolerated 

and has a favorable safety profile. 

AUTHORS; Amanda Freeman, B,A. , 

Senior Medical Program Coordinator — 

Clinkai Pharmacology 

Arturo Perm, Ph-D. Andrew Denfccr, M.D., Ph.D. 
Research Fellow Associate Director 
Drtig M je t atel igm C toicg] pharrnaeoio^v 



APPEARS THIS WAY 
ON ORIGINAL 



RCJ4&VOOC VERSION 4.0 APPROVED 

Restricted O CaofttteMtat >r \ 



MERCK RESEARCH 
LABORATORIES 



CLINICAL STUDY REPORT 
I, SYNOPSIS 



MK-02I? 

Alendronate Sodium, Oral 
■ Solution and Tablet 

OsteOpOrOStS 



PROTOCOL TITLE/NO.: An Open-Label, Randomized, 3-Period, Crossover, Pilot s*lf>3 

Study to Examine the Relative Bioavailability of an Ora' — Alemlronsle Solution 

in Healthy Adult Subjects 

INVESTIGATOR/STUDY CENTER; — " "" 

PRIMARY THERAPY PERIOD: 20- May -2000 to J7-Iun-2{>00. 1 CU NICAL PHASE: V 
The frozen We was ac hieved on 27-Jun-20ei . j 

DURATION OF TREATMENT Thre* iingte doses of dror mg or 70- trig oral ' 

solution and a 70-mg oral labial, A washout interval of i 3 days separated the doses. The duration of 
tee study was apraoxanately 6 wg$fo>- 

OBJECTIVES; (I) To examine the relative urinary excretion of alendronate 70 rng given as an oral 
— — ""* solution compared with that observed with the alendronate 70-rns tablet. (2} To examine the 

relative urinary excretion of alendronate 35 mg given as an oral 1 solution compared with that 

observed with the ai«tdrt>nate 70-mg (ablet 

STUDY DESIGN; This was an open-label, randomized, 3-period, balanced, crossover study conducted in 
1 2 healthy adult subjects. Subjects received 3 single doses of alendronate: the 35-mg and 70-mg oral 

J*^-^ solution .and fliti 70-mg tabiet. A wash otd interval of 13 dap ^paTatod lhc dosg^. 

SUBJECT ACCOUNTING; ~ 



ENTERED; Total 12 

Male (age range, years.) 7 (35 to 73) 

Female {age range, years* 5 {30 to 62) 

COMPLETED; 12 
DISCONTINUED: Total 0 

Clinical adverse experience 0 

Laboratory adverse experience 0 

BOSAGE/FORMUIATION NOS.; Alendronate 35-mg/75-rnL 'W solution: Formulation 

No. 0217 OSOOOlFOOi; Alendronate 70-atg/75-raL oral — - — ' solution; Formulation No, 0217 

OSOOUBW , Aierdfenato 70-mgoral tablet: Fonrm lation i No, 02 j ^ OCT 061 J005 . 

DlAGNOSISttNCLDSION CRITERIA; Twelve male or nonpregnant female subjects, age IS to 85, 
including at least 4 of each gender. At least 6 of the subjects were SO years Of age or older. The subjects 
were judged to be generally healthy based on medical history,, physical examination, and laboratory 
safety stadies. 

EVALUATION CRITERIA: Total urinary excretion of alendronate was detained ovet a 36-hour 

period following single-dose administration of a 35-uig or 70-mg oral " " solution and a 70-mg 

oral tablet dose. Relative bioavailability was estimated from the individual urinary excretions Safety 
and toterability were assessed prestudy and poststudy by vital signs, physical examinations, laboratory 
safety tests, and adyet se experien ce monitoring throughout ihe study, 

STATISTICAL PLANNING AND ANALYSIS: Comparisons of the dose-adjusted <tt» 70 mg) total 
urinary excretion for Ihe 35-rag and 7CMaig ' — — solutions relative to the 70-mg oral tablet were 
performed using an analysis of variance (ANOVA) rrsxlel suitable for a 3-period, crossover design. The 
ANOVA model contained fectors for subject, period, and treatment. Presence of a carryover eff ect was 
tested and found to be not significant Total urinary excretion was log transformed. To estimate the 
relative bioavailability for each of tfte — solution dose {35 tng and 70 mg) versus the 70-mg 
tablet, s 95% e^rdWeacc interval (CI) on the dose-adjnstai geometric mean r3tio (OMR) tor total 
urinary excretion was calculated. ,..„-,;„-:, :i -.-,-,„ , 
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sted aiemironate total urinary excretion OMRs and 95% Ci* 
were 1.15 fOJS- for the 3S-*nj> 1 — "~ SOtatiottf70~mg tablet and LOS <0.7 J. }.») for the 
70-mjj ' soIuUors/70-rag lablct. 

SAFETY: AJR 12 study participants were included in the safety- analysis. No serious ciiaical iver 
experiences were reported. Five subjects reported a total of 13 clinical adverse experienw*. The 
roost common adverse experience wss headache (5 episocfes reported by 3 subjects). All but one of 
the clinical advene experiences were mgd There were no labora tory adv erse experiences rep orted 
CONCLUSIONS: (I) The relative bjtwvaiiafcsJiry of alendronate m the 35-mg and 70-mg oral 
solution is generally similar to that or the 70- *ablei, with estimated geometric mean ratios of 1.15 

tod 1 ,08 for the 35-mg and. 70-mg oral ' solution, respectively, relative lo that of the 70-mg 

tablet. (2) Alendronate, adtrisrtistered as single doses of the 35-mg and 70-mg oral ■ solutions in 

75 Bi« as th e - TO-mfi tablet, is generally well tolerated aad has 3 favorable safety profile. 

AUTHORS: Chen Mao, 8. A. " _ 

Associate Medical Program Coordinator 

Clinical Pharmacology — — — — 

Artaro Form, Ph .0. Andrew Beaker, M .D.. Ph.D. 
Research Fellow Associate Director 
Dra ft Metabolism Clinical Pharmacolo gy 



APPEARS THIS WAY 
ON ORIGINAL 



S.O396.0OC VERSION 5.0 APPROVED 

ReMttewdOOmfidential • Limited to««a 



Attachment 2 



Study P177 had 2 stages. Since they observed equal bioavailability between the 70 rag solution and 70 
mg tablet m Stage 1, they did not proceed to Stage 2 of Study PI 77. The sponsor did not initially 
elaborate on how the 93.5% CI was chosen for both Stage- i and Stage 11 of the study in order to 
preserve an overall 5% type I error rate for the study. For this reason, this reviewer used the more 
conservative 99% CI and 95% CI approach to confirm equal bioavailability besides the 90% CI (see 
SAS codes and outputs beiow). Through the sponsor's SAS transport files submitted on July 18, 2003 
(N000BZ), this reviewer reproduced the same geometric mean ratio (GMR) and 93.5% CI for the 70 
mg solution versus 70 rng tablet and the same GMR and 90% CI for the 35 mg solution versus 70 mg 
tablet as reported by the sponsor. 

y statistics to assess BE follows; 



70 mg alendronate 


GMR 


90% CI 


93.5% CI 


95% CI 


99% CI 


solution vs. tablet 


0.9945 


0.8987- 1.100 


0.8876-1.114 


0.8812- 1.122 


0.8479-1.166 


(mg) alendronate 


GMR 


90% CI 


93.5% CI 


95% CI 


99% CI 


05) solution vs. (70) tablet 


0.8378 


0.7563 - 0.9282 


0.7468-0.9399 


0.7435-0.9467 


07332 - 0.9843 



Based on these observations, the 70 mg alendronate/75 mL oral solution is equally bioavailable to the 
70 mg alendronate oral tablet and the 35 mg alendronate/75 mi oral solution is not equally 
bioavailable to the 70 mg alendronate oral tablet. 

This reviewer does not intend to establish new criteria or policy to determine bioequivalence, 
which is the Office of Pharmaceutical Science's responsibility. The different % CI calculations 
were for reference to this reviewer, 

Upon request, die sponsor submitted the following response on August 14, 2003 via e-mail and official 
copy NDA 21-575 N000BB on August 25, 2003 for: 

MK-0217 NDA 21-575 August 4, 2003 FDA Query 
Protocol »i 77c 

Definitive Bioequlvaience Study of the 70-mg Oral . .solution and 70-mg Oral tablet 

FDA Questions: 

Question 1: Please provide the statistical formula you used to determine that 93.5% confidence 
interval for die geometric mean ratio of 70 mg solution to 70 mg tablet was 
appropriate for the two-stage test. 

Question 2; Please provide the statistical formula you used to calculate the number of subjects needed 
for Stage 2 (should the study have proceeded to Stage 2). 

MRL Response: 

A two-stage approach for bioequivalence testing is useful when a considerable amount of uncertainty 
exists about the true state of nature (i.e., how far the true but unknown underlying formulations deviate 
from each other as well as the tee but unknown variance estimates}. If the geometric mean ratio 



(OMR) of the pharmacokinetic parameter (in this case the total urinary excretion of alendronate) of the 
two formulations deviates from unity by a small amount (but still within the bioequivalence tolerance 
limits of (0.80, 1,25)} the power of the statistical test can decrease dramatically. In such situations 
single stage tests are unlikely to be successful in demonstrating bioequivalence unless the sample size 
is excessively large, A two-stage approach offers the opportunity of more efficient decision making 
and the possibility of minimizing the overall number of study subjects unnecessarily treated by 
allowing earlier abandonment of lost causes: i.e., when Stage 1 results indicate clinically important 
differences in the formulations. 

Since the answers to both questions I and 2 are interlinked, the response below addresses both of the 
questions. Note that given the bioequivalence result from Stage 1 of Protocol #177, it was not 
necessary to conduct Stage 2. 

For this two-stage design no explicit formula was used to develop the Stage 1 confidence interval 
calculation, rather a joint clinical and statistical judgment was employed in selecting the parameters of 
this two-stage design. Simulations were then performed to ensure that the overall type I error rate 
was at the nominal 5% level. In this particular study, for simplicity the prespecified confidence 
interval was chosen to be roughly equal (93.5%) at both Stages 1 and 2 with the proposed sample sizes 
(108 in Stage- 1 and 126 in Stage-2) should the trial proceed to Stage~2 and still satisfy the condition 
for the overall type I error-rate on the entire trial at the nominal 5% level given the data available at the 
design stage. At the design stage the choice of a sample size of n~108 yielded approximately 80% 
probability to show bioequivalence given that the true ratio between formulations was 1 .00 and 
approximately 50% probability power to claim bioequivalence for the case where the true ratio was 
1 JO, as was approximately observed in the initial pilot study (Clinical Study Report for Protocol #163 
(GMR was -1.10)). 

Note since the two-stage design reached a decision criteria at Stage 1 there was no need to compute an 
actual Stage 2 sample size. The procedure allows one to incorporate Stage I information in updating 
parameter estimates and to compute a Stage 2 sample size while still preserving the overall type 1 error 
rate at 0.05. An example of this process is as follows: If following Stage 1 it was felt that the true 
ratio was still 1, 10 but the Root Mean Square Error (RMSE) had increased to 0.50, a sample size of 
n-126 in Stage 2 would have provided approximately 80% power using a 93.5% confidence interval. 
Other Stage 2 sample sizes would be derived based on other scenarios. In all of these cases, the type 1 
error rate would be protected. Table I of the attached memo (Appendix I , Page 5), verifies that the 
choices of confidence coefficients and sample sizes yielded a 5% type-1 error rate for some other 
reasonable values of Root Mean Square Error (RMSE) as prespecified in Protocol #177. Note that 
from Stage I of Protocol #177 the observed RMSE was 0,45, 

In this table the specific supportive parameters of the two-stage design for a stopping rule as described 
in Protocol #177 are presented. The prespecified interval bound used here is (-A, A) - (-0.223, 0.223) 
which corresponds to the 20% bound in the log-scale; i.e. (0.80, 1 .25) in the original scale. The sample 
sizes required at both stages increases as the true log-GMR (denoted as 8} gets further away from zero. 
Here we consider 8 ~ 0.0953 » log(l.l) which allows the true means to be as far as 10% apart from 
each other. Consequently, to allow greater variability in the observed GMR estimate at stage 1, we 
used Dx - 0.1823 » log(1.2), where Dx is defined a priori at the design stage and is the cut-off of the 

17 



observed OMR m Stage i such that too many resources would have been required to show 
bioequivaicnce (if at all) of the two formulations. We used ns=108 (Stage- 1 sample size), and m ~ 126 
(Stage-2 sample size) for purposes of illustration. Different values of Root Mean Square Error 
(RMSE) in the log scale from 0.45 up to 0.50 are considered to illustrate the impact on the design 
parameters including the overall power, type-I error rate, and the probability of continuing the trial to 
the second stage, etc. The results are obtained by simulation of 1 ,000,000 studies using a C++ 
programming code. The reported values are rounded up to 3 decimal places. 

Further details describing the overall statistical properties, motivation, and derivations of this two-stage 
design bioequivalence design methodology can be found in a more comprehensive technical report 
provided in Appendix II. Since the proposed sample sizes Miere large, one can also use Result 1 of this 
appendix to check and compute the type-1 error rate for those sample size choices (as discussed in 
Remark 3 of Section 4.1: Appendix II). A subset of this material was recently presented at the Joint 
Statistical Meeting of the American Statistical Association (ASA) in August of this year. Theoretical 
results supported with extensive simulations from die technical report were used to establish and verify 
die appropriateness of the above parametric and methodological choices used in this study. 

In summary, both the theoretical work and extensive simulation results support that the use of the* 
93.5% CIs properly controls the overall type I error rate in this two-stage design with the given sample 
sizes. 
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PROTOCOL TITLE/NO.! An OpeitUbel, Randomized, 2-Sta^e, 3-Petiod. C 
Study to Evaluate tfic BiottJiilvalMee of "Si-rag aral 70-mg Oat -*»~ — Alendronate 



C 1 iNH. M HlASt: 



PRIMARY TUERAPV FKRIOO: O4-Nov-2000 t< 

Ftwwftk was acbfcved ottftl-MffijflOg. j 
DURATION Of TREATMENT: Three CT"- " 2 doses of sletKironste: a 70-fng oral tablet. » 35-mg oral 
i i ■ ■■■■< SKtiatfort, and * 7{l-r«g oral "~ soltiften, A washout interval of at foist 12 days separated 

me aosea. The duration of the treatment was approximate 1y 5 weeks. t 

OBJfEtTtVE(S): EoHjaflt: To compare the urinary excretion of alendronate ioliowino, a 7ft-rpg 

alendronate oral ' '■ solction to that observed following m alendtoaale 70-j»g tablet. Secondary ; 

To compare the urinary excretion of alendronate foHowtrtg 3 35-rag si 
a* obaacyed folto wn^jtn tkntfr oftate 7S-mg ub'tt. 



STWV ORSK3N; This was an apea, randomized 3-penod, 2- 
K18 healthy adult subjects. Subjects received 1 ""Me doses of 
oral ..... wSutiori, ami a 35-mg oral — solution. A 



;> balanced, crossover study in 
ig Isbkf, a 70-mg 
interval of at less! it days 



SUBJECT ACCOUNTING: 




Total 


1(5 


Male (age range) 


55 ( IS to m 


Ferrate (arrange) 


«<J8to?7> 


COMPLETED (per protocol): 


106 


COMFI.fcTB) (for primary analysts) 


10S 


DISCONTINUED'. Total 


9 


Clinical adverse experience 
Laboratory saver as experience 


2 
(1 


Otter 


7 (3 withdrew consent, 3 lost to foliow-up, 1 violated 




clinic ruiej of cwndiKf) 



OOSAGK/TORMULATION NQS.: 



B atch No 


Dose 


i Alendronate Form 


f ormulstion No. 


Cfiokal Supplies 


w-mm 


T&TOjt 

35m8^5n>L 
?0mgfifSmL 


{Tablet 

■ -Solution 

? — — Solution 


02I7OCT001J009 
O2J7 0SOW3FOG2 
0217 OSO0I5BOO2 


ReteMtmt SuppliM 


WMBMA 
WP-HSS5A 
WMSSt&A 


35mg?7STtjt 
70nw75mL 


— - — "Solution 


02I7OCT00UW9 
0217OSO003F002 
0217 0800158002 



!iiA<;.NOS(S/rNCl.t'SfON CRITERIA; One hundred eight isttle or nonpregnant fenate subjrafs, ages 
I* to 85. Tte subjects were judged to be generally heslthy based on medic*! history, physical 
exgrnittation. and labor amy safety audits 
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EVALUATION CRfFERlA: Relative feioavailahdin ,t,- I • a t temsintd by the between- 

treatment comparison of 70-mg oral . solution versus the 70-mg tablet, and the 35-m$ oral 

„_»-~«"--*S»lutlon (dose adjusted to 70 mg) versus the 70-rog tablet, using total urinary excretion of 
alendronate evet 36 hours. Confidence intervals (CI), 935% and 90%, were calculated tor Hie tola! 
urinary excretion geometric mean ratio (GMR} of 70-mg solution and 35-mg solution (dose adjusted to 
70 mg) with reject to tablet, respectively. Urine for each treatmtnt period ws collected at -2 to 
0 hows predose , 0 to 8, 8to24, and 24 to 36 hours pestdose an Days 1 3nd 2, 

STATISTICAL PLANNING AND ANALYSTS: A 2-stage design, 3-pcftod, balanced, crossover study 
was conducted to assess the relative bioavailability of 70-mg oral - — — * "solution and 35-rng oral 
.f**""" solution with respect to the 7(kng tablet, using the total urinary excretion of alendronate over 
36 boars after single-dose administration of each of the forrnalations. This 2-stage design sequential 
study was predefined by a stopping rule based cm the observed Isast-sqnarcs (LS) OMR of the 70-mg 
solotoB and 70-mg tablet and to 93.5% CI. The decision rule to proceed to Stage 2 was based sotetv «« 

theecmpansonofthe 70-rag sohiUon with to 70-mg tablet Bioequivalenee of the 70-rap, oral _ - 

sotawn -with the 70-mg tablet was conchnfetl if the 93.5% CI of the GMR (70-mg solutioiV70- ro g 

tablet) was contained within the prespecifwd ccmtparability !i««is oi • following Stages I or 

2 of the sequential design. 

tn Stage 1 of tlte sesjuenJlal design, the total urinary excretion of alendronate over 36 hours following 
admimstmion of the 70-mg solution, 35-tng solution, and 70-mg tablet was analyzed using an analysts 
of varfcnee model (ANOVA) appropriate for n 3 -period crossover design. The ANOVA model 
contained, as factots, subject, period, and treatment. A natural km transformation was applied to the 

total urinary excretion dam. Bjoeuuivalence of the 70-mg oral • solution to the tarda was 

concluded if the 93.5% Ci of the CMS (70-mg sotuticn/70-mg tablet) was contained within me 

prespedfied comparability limits of — 1 Mlowing Stage I . Since the comparison of the 35- mg 

solution to die 70-mg tablet was seecssdary, the decision rule to proceed ts Stage 2 was not ha*- 1 on this 

comparison. If the study was stopped after Stage t, bteequivalenCe of the 35-mg fm\ . ■"* solution 

(dose adjusted to 70 mg) to the 70-mg tablet would be concluded if the 90% CI of the OMR of 35-mg 
solution (dose adjusted to 70 mgy70-mg tablet was contained within the prespecified hounds of 

„ — fcRowtog Stage t of the seque ntial design 

RESULTS: ~ """"*" """" 

PHARMACOKfhfKTlCST At Stage l.tlw point estimates of the OMR of 70-mg solution and 35-mg 

solution (dose adjusted to 70 mg) wish respect to the 70-mg tablet were 0.99 and 0.84. respectively, 

following Stage I. 

Note that based ea She results from Stage 1 , Stage 2 wastwi coaducted- 

Tht; 93.5% CI of the GMR for the lOnretg soisiion with res met .to the 70-mg tablet was 0'JS9, 1. 1 1), 
which fell within the prespecifled Woequlvalence bounds o) "* ** Thus, the ?0.mg solution is 
bio«qt«vis}ent tc- the 70-mg tablet. Since- the 93.5% CI for GMR of the 70-mg solution wife respect to 
the 70-rag tablet orast the predefined acceptance criteria for steppiag the shsdy following Stage 1. 
Stage 2 of me design was not conducted. The 90% CI of the OMR tor the solution (dose 

adjusted to 70 mg) with respect to the 70-mg tablet was (0.76, 0.93) whrch t>|i slightly outside the 

pie^eifiedhioe^uivslence bounds of. — — - The 35-n5g ora) • solution (dose adjusted 

to 70-mgl exhibited relatively lower alendronate LS mean values for taws urinary c > retiottfj 0,00 
compated wish the 70-mg tabkt. 

The fcllowing table presents the stimmary statistics for the total urinary excretion ef alendronate (pg) 
over 36 hoars foliowtos: »<*»Hjjs^atton of the 70-mg tablet, 70-mg oral ' solution, 3rtd dostv 

stdjasted 35-mg oral aoltaJon, 
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teaotoSqnatec itS) 
Geometric Mean <<W%C1>* 




C I of OMR 1 






295.27 (274.86. 317.! 9} 








solution 


2M.63 (273.34. 315.44} 


0.99 






35-ttigoraf . joimioa 


247.38 (229.93, 266.16) 




(0.76,O>Mj 


O.OCtf 



p- Value relative to the 70-tm; tablet. 
Bw&-*rwsft*w*<S from leg sad* obtain*! fen» ANOVA. 
<3so«setr!t Mean Rauo (OMR) - Least- tquares (13) ge. 
tafcla 

9i,S% a of OMR t?8-mg OTSBrionftfang tablet), 9<W4 CI of OMR (dose-wijMsicd 35-mg wrfwfiWTO-jms 



sttic m«Mt of soiutiott'L.3 «ewu«tric «' 



SAfimrt Ait US study participants were included m the safety analysis. Sixty-six subjects reported a 
total of 219 clinical adve>rse experieeces. Twenty-six subjects reported at least ! advene experience 
which was considered by the Investigator to be drug related, otitic &U adverse experiences were 
considered non-drug-reiated in 40 subjects. Clinical adverse experiences were generally similarly 
distributed among the J treatments. Tbe uwst common dnig-trlated adverse experiences were 
headache {reported by 2 subjects following the 70-tng tablet, <3 following the 70-mg solution, and 1 
following tlie 35-mg sohitioo). diarrheal following the 7&-mg tablet, 3 following the ?0-mg solution, 
and 2 following the 35-rng solution), and nausea (2 following the 70-reg tablet 1 following the 70-mg 
solution, ami 3 following the 35-mg sotutkm). No laboratory adverse experiences were reported. 
Ctrte subject reported a serious adverse experience constating of Viral gastroenteritis, which was. 
coasajeml by the investigator to be probably not related to study drug. This subject experts; d 
gastroime-sttns! and Itu-iike symptoms beginning several hours following his initial dose of 
alendronate, and was sent by the inves-ttgator to an emergency department the morning of Day 2 when 
the severity of the symptoms increased, m the emergency department, tne subject was diagnosed with 
viral gastroenteritis and was treated with Hxtprofea «td intravenous fluids. The subject was 
discontinued from the study. 

to addition, one subject was discontinued ftom the study for t 

w&fcb developed after completion of the second study period 

"col^lSiONSV (}) Toe 7<Mng alendronate oral buffered i'SStioa is b 
stendrxmate marketed tablet tfjThe. GMR (90% CI) for the J^rog si 
dose adjusted to 70 mg, relative to the 70-mg alendronate marketed tablet, >s 0.S4 (0./f>. 0 93), with the 
tower bound slightly outside the btoeq^rvaknee limit. <3> Alendronate, administered as single dose* of 
the «»«t ?<Mng oral v— — sotolsras in 75 raL or as the ?0-rog table!, is genera Ify well tolerated 
and has a fltvwabie safety profile. 
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Attachment 3 

IV. Dose and Dosage Form Proportionality 

Alendronate will be available in 10 and 40 mg tablets. The recommended 
dose is 10 mg daily for post-menopausal osteoporosis and 40 mg daily for Pa get's 
disease of bone. 

A study in 15 post-menopausal women given 5, 10, 40 or SO mg tablets of 
alendronate in a crossover fashion was pet formed to assess dose linearity- The 
percent of dose excreted in the urine over 36 hours is similar at ail doses (Table 4). 



Table 4: Mean total urinary excretion (std dev r cv%) ami % (fose excreted over 36 
hours m 15 post-menopausal women given 5-80 mg alendronate orally. The 
results indicate linear excretion from 5-80 mg. (Protocol 17) 



Dose 
|mg} 


Total excretion over 36 
Jus {f/g! 


Percent of dose excreted 
over 36 hours 


6 


18.6 
{14,0, 75.3%) 


0.395 


10 


43.6 
(31.6, 72.6%) 


0.446 


40 


170.9 
(105.4, 61.7%J 


0.429 


80 


355.4 
1366.4, 103%) 


0.437 
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MK-0217 

Alendronate Sodhtm, Oral 
Osteoporosis 

PROTOCOL Tf TLE/MO.: A 5-Period, Psttially- Blinded, Placebo-Controlled. Sutgie- #204 

Rising-Dose Study to Measure the Safety, Toierabitity, astrf Dose Proportionality of 
. Alendronate Oral Solution m Healthy Voluntecre 

»fVESTICATOR{SySrnJ OV CENTER^): — . ., — 

"PRIMARY THERAPY PERIOD: 2O-Aug-20b; >o !7-N<>v-2O0i j CLINICAL PHASE: V 
The frozea file achieved <mO> : M8.y-20O2. , { „ 

DURATION OF TRF % i M. M Fo ; -led sea of alendronate ora» solut > 1 

WO mg'75 mL, 280 m#75 mL, and 3?5 ragrtOG roL, and a single dose of placebo in either 75-mL of 
100-mL solution- A washout interval of approximately 2 weeks separated the doses. The duration of 
the siudy was a^proxitnately 14 weeks, : 

OBJECTIVE^}: (t| To determine the safety and tolerability of alendronate oral - — — solution at 
doses of 70„ 140. 280. and 375 mg. (2) To examine the relative urinary excretion of alendronate 
foll.owteg of<(l doses of 78 f J4^2J0 ti ffld 375 m y administered as an oral— ~* solution. 

STUDY DESIGN; This was a S- period, partially-blinded, piacebe-coritroltol, siflgte-rismg-dose study in 
25 healthy adults subjects. Subjects received alendronate oral solution vn 4 periods, at doses of 70, HO. 
280, and 375 mg in a rising-dose format tad placebo ia one period randomly interspersed in the 
treatment sequence following an overnight fast. Urroe was collected over 36 hours following each dose 
for alendronate detemtinatioin. 

SUBJECT ACCOUNTING: 

ENTERED: Total 30 

Miile (age range) 1 3 (23 to 65} 

Female (age range) 17<20 to 59) 

COMPLETED' 25 
DISCONTINUED: Total 5 

Clinica I adverse experience CI 

Laboratory adverse experience 0 

Other 5 (withdrew consent) 

DOSAGE/FORMULATION NOS.; Treatment A' alendronate 70-mgm-ml. oral ~ : solution. 

Formulation No 051? OSOO2O0W3; Treatment B: alendronate t40-mg/?5-rcL ora' — solution, 

Formulation No. 02 !7 OSO02H0GI; Treatment C: alendronate 280-tng/75-mL oral ' — ~- solution. 
Formulation No.: 021? OSO022G00I; Treahnent D: alendronate ~375-rag<10O-«iL oral L— - 
solution. Formulation No. 023? OSO022G001 (same formulation as Treaimejat C using a largef dosage 
volume); Treatment gr placebo for alendronate oral solution. Formulation Hoz I 5 02 I7 

OSO017PQ03. 

DIAGNOSIS/INCLUSION CRITERIA; Twenty-five nonpregnant females or male subjects between 
lbs ages of 18 and 65. The subjects were jtidged u> be healthy based on medical history, physical 
gJjjatataatfon, a nd lateonttory aal'eiy stud ies. 
EVALUATION CRITERIA: Safety and tofcwbility were assessed by vital signs, laboratory saietj tests 
and adverse experience monitoring throughout the study. The dose proportionality of alendronate with 
respect to the total urinary excretion over 36 hoars postdose, folfowiog single-dose administration of 
70-. 340-, 2S0-, and 375-rng oral — sotaions, ms assessed by a power f»w regression model. A 
90% confidence interval (CI) for the stops was calculated based on the methodology proposed by , • — 
Additionally, pairwise comparisons of the geometric mean total winary excretion of alendronate for 
each of the dose level* (dose adjusted to 70 mg> were evaluated for significant differences among doses. 
Urine for each Ueattneat period was collected at -2 to 0 hows prcdose and at 0 to «, 8 to 24, and 24 to 
36 hours posttee on Day t and Day 2 in each period. 
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STATISTICAL PLANNING AND ANALYSIS: Dose proportionality was < Hcpa fin* by 
the power-law model and second by a pairwise comparison of geometric means of Sola! urinary 
excretion of alendronate among the doses (dose adjusted to 70 mg). For the power law model, nature! 
Sojj {!»> «f total urinary excretion of alendronate was modeled as a function of subject ami in (dose). 
Dose proportionality over the entire dose range of 70 to 375 mg would be concluded if the 90% CI for 
the slope of in (total urinary excretion of alendronate) versus It) {dose}, competed from the linear 
regression model, fell within She interval of ~" These limits for the slope criteria were based 
on a pairwise comparison for the 90% CI of the dose-adjusted geometric mean ratio (OMR) failing 
within 33% or ~~ — ' Linearity was tested by adding a quadratic terra for hi (dose) and cxaauatag 
its significance. In the second step, an analysis of variance (ANOVA) model appropriate for a S-pertod. 
rising-dose design was selected, In addition, a pairwise conftarison between ihe 375 nig and 70 mg was 
also compared using the ANOVA mode!. Pairwise comparisons of geometric mean total urinary 
excretion of alendronate for each of the doses (adjusted to 70 mg) and 70 mg were also evaluated. The 
90% CIs for the pairwise eranparisons between the (Jose levels were generated from the ANOVA model, 
based upon Ibe (-distribution. Since both slope criteria and the pairwise comparisons indicated that 
70-mg dose significantly differed from the higher doses {dose adjusted to 70 mg). a step-up procedure 
was implemented in which the 70-mg dose was excluded and the power-law model was refuted to the 
retraining doses, and (he above procedures were repeated. Dose proportionality over the dose range of 
140 to 375 mg would be concluded if the 90% CI for the slope of In (total urinary excretion of 
alendronate) versus lrt (dose), computed from the linear regression model, fell within the interval 
This interval reflected the 2.68-fold increase over the remaining dose range of 140 to 
375 tag, an d was deriv ed us to ft the * 33'/. patrwise criteria as outlined in -— ~ 

RESULTS: 

PHARMACOKINETICS: The least-squares (geometric) means for total urinaiy ~ s •'«»•» •! 
alendronate, dose-adjusted to 70 mg, were 278.5, 462.7, 550 5. and 47I.S Kg for the 70-, I4<K 28^ 

and 375-mg doses, respectively. The relative urinary excretion following the 70-mg oral : 

solution was generally similar to previous studies of the 70-mg oral — — •, solution. 

Dose proportionality was not observed for total urinary excretion of alendronate over the entire dose 

range, 70 to 375 ma. The slope and 90% CI for the entire dose range, obtained from the power few 

model, was 1 ,34 . \ which did not meet the piespecified criteria . The quadratic 

team (to examines lack of fit), when added to the model, was found to be significant, indicating that the 
first-order model did not fit the data. 

Statistically significant differences were observed for ihe pairwise comparisons of the geometric 
means between 70 rhg alendronate and all of the higher doses (dose adjusted to 70 mg) (jkO.001). 
The dose adjusted GMR (375 mg/70 mg) was 1.69 with a 90% CI of (1.34, 2.14). Hence, based on 
the pews-daw model and the pairwise comparisons, dose proportionality tray not be claimed for total 
urinary excretion of alendronate over the entire dose range of 70 to 375 mg. 

Since the power-taw model fitted with all the doses from 70 to 375 mg did not meet the predefined 
slope criteria and failed the linearity test, indicating that the dose-adjusted total urinary excretion of 
alendronate at the 70-mg dose was significantly different from the higher doses, a step-up procedure 
was implemented in which the 70-mg dose was dropped and the oower-law model refitted. The slope 

and the 90% CI for the dose range 140 to 375 mg was 1.06 . - which was within Jhe 

prespecified criteria The quadratic term, when added to the model, was found to be 

nonsignificant, indicating that the linear model fit t!» data. In addition, the dose-adjusted OMR 
between the 140-mgand 375-mg doses was 1 .02, with a 90% CI of (0,81, 1.29), tot fell within the 

prespecified comp h i interval of Therefore, since both the slope criteria and the 

pairwise criteria were satisfied, <ios« proportionality could be claimed for the total urinary excretion of 
alendronate over the dose range 140 to 375 mg. 



RO.W5 fXXr VERSION 4 o APPROVED 

Res6ti«ed^Co»Sile»!i»l - Umittd Access 



I Oct !()! • 



MERCK. RESEARCH 
LABORATORIES 



CSR SYNOPSIS CCONT.) 
Protect 2M 



MK-02H 

Alendronate Sodium .3.. 
Osteoporosis 



SAFETY: Twwty-ttew subjects reported a total of 94 climcal adverse experiences. Forty-sever 
(49%) of the clinical adverse- experiences were considered by the investigator to be drug related. The 
most common drug-related cluneal adverse experiences overall were foadache (12 episodes), 
musculoskeletal pa'm ( 10 episodes), ftvei (4 episodes), awl diarrhea (6 episodes). Forty-one oftbe 4* 
dm^-related clinical adverse experiences were considered mild. Moderate drujf-retoted eftmta 
Adverse experiences consisted of abdominal pain, diarrhea, and Ueadaeh* in one subject at 375 mg 
dkrrhea in one subject at 280 mg, bone pain in one subject at 70 rag, and myalgia in oue subject ai 
70 mg. The percentage of subjects with at least one drug-related clinical advense experiences at eact 
dose kvel was 0, 26.7. 11.1, 24, and 16% lor placebo, 70, 140, 2*0, and 375 mg alendronate 
respectively. 

One subject reported a serious clinical adverse experience consisting of an elective termination o! 
pregnancy. This subject had a negative urine pregnancy test prior to each of ihe 5 dosing periods. A; 
her poststudy visit,, a serum pregnancy test was positive and the subject b)d>«ted that she tooS 
emergency contraception 4 days following study drug administration in Period 5 (375 rnj 
alendronate). Thirty-one days following her fast dose of study drag, she elective)}' terminated hei 
pregnancy. The estimated gestational age at termination was 7 weeks. No study participant 
discontinued treatment due to a clinical adverse experience, and no study participant died during !h< 

swdy . There were no laboratory adverse experiences in any svibj ect. 

CONCLUSIONS; (J) Single doses Of 70-, 140-, 2S0-, and 375-mg alendronate oral " - — solution art 
generally well tolerated and have a favorable safety profile. {2) The relative Urinary eitcretWG following 
admtaisttatton of 70 mg alendronate is generally similar to values observed in previous studies of tlx 
oral buffered solution- (3} The relative urinary excretion of alendronate is not dose proporuonai witter 

the dose range 78 to 375 mg but is dose proportional within the dose range 140 to .175 mg. 

AUTTIOHSt Araands Fmsnaiv B.A. " -— 

Senior Medical Program Coordinator 
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